Cells of wild-type Escherichia coli or Salmonella typhimurium are able to rotate their flagella both counterclockwise and clockwise, to produce smooth swimming and tumbling, respectively (14) , but cell envelopes prepared from these wild-type cells rotate their flagella almost exclusively counterclockwise (6) .
We have now studied cell envelopes prepared from smooth or tumbly chemotaxis mutants of E. coli. Intact smooth mutants rotate their flagella almost entirely counterclockwise (14) , and in this report we show that cell envelopes prepared from smooth mutants likewise rotate their flagella counterclockwise (Table 1) . Intact tumbly mutants have primarily clockwise-rotating flagella (14) , but their cell envelopes have counterclockwise-rotating flagella (Table 1) .
A study of cell envelopes of chemotaxis mutants of S. typhimurium has been published by Ravid and Eisenbach (20) . They also found that cheB and cheZ tumbly mutants give rise to cell envelopes which rotate their flagella counterclockwise, but two other S. typhimurium tumbly mutants, cheV MY1 and cheC ST120, gave rise to cell envelopes with clockwise-rotating flagella. In contrast, the present study shows that cheV tumbly and cheC tumbly mutants of E. coli produced envelopes with counterclockwise-rotating flagella ( Table 1) . The reasons for the differences between these S. typhimurium and E. coli mutants are not known.
Methionine, S-adenosylmethionine, and ATP are known to be required for clockwise rotation of bacterial flagella (1, 2, 5, 13, 21, 22) . Eisenbach and Adler previously reported that the counterclockwise rotation of flagella of wild-type cell envelopes could not be changed into clockwise rotation by the addition of L-methionine (0.1 mM), S-adenosylmethionine (0.1 mM), and ATP (1 mM) to the medium used for lysing the cells plus the addition of L-methionine (0.1 mM) to the medium used for washing the cell envelopes (6). Now we report that the same is true for cell envelopes prepared from tumbly bacteria: the envelopes still rotated their flagella exclusively counterclockwise. For the seven strains listed as tumbly mutants in Table 1 , entirely counterclockwise rotation was observed for 11, 7, 22, 10, 11, 7, and 16 envelopes, respectively, when they were treated with the three reagents as described above; these data are included in Table 1 .
What makes the cell envelopes of wild type and tumbly mutants rotate their flagella exclusively counterclockwise? It is known that counterclockwise rotation can be caused by a low speed of flagellar rotation; switching to clockwise * Corresponding author.
rotation requires a higher level of energy (8) . However, a low energy level does not appear to be the cause of failure to observe clockwise flagellar rotation of the cell envelopes:
the frequency of rotation of the tethered cell envelopes was as high as that of intact cells, as demonstrated by measurements of the wild-type strain AW405 and the tumbly mutants RP487cheB, AW662, and AW672 (data not shown). Neither is the exclusively counterclockwise rotation due to a smaller size of the envelopes. (As envelope size decreases, viscous drag on the motor also decreases, so that the speed of rotation corresponding to an energy level that permits clockwise rotation must increase.) When viewed by phase contrast microscopy, the cell envelopes do appear smaller than intact cells, but this is an artifact; the envelopes are almost the same size as intact cells when viewed by Nomarski differential interference-contrast microscopy, a more appropriate method for judging the size of such small particles (12) .
Repellents bring about clockwise rotation of flagella in intact wild-type (14) or cheR (a mutant ordinarily having counterclockwise-rotating flagella) (7, 19) Any materials that are needed to achieve rotation of flagella of cell envelopes, both clockwise and counterclockwise rotation, remain to be discovered.
